This study aims to explain the current dispersion of tuberculosis (TB) and provide evidence that could help predicting its future transmission in Daerah Istimewa Yogyakarta (DIY) Province, Java Island, Indonesia. One hundred thirty-two adult (>14 years old) individuals, with TB diagnosed by health professionals using the Directly Observed Treatment, Short Course strategy, were identified Their residential addresses and geographical patterns of movement were investigated by global positioning systems and descriptive spatial analysis using standard deviation ellipse analysis and kernel estimation. The dispersion of TB cases was studied by ellipse regression, which showed a pattern extending in a direction oriented from north-west to south-east centred on Kasihan District, Bantul Regency, DIY Province, located near Yogyakarta City. Levels of TB risk in the study area varied from non-existent to high as calculated by kernel estimation. We conclude that suburban communities, followed by densely populated residential areas, enabled by socio-economic factors, are more likely to see increased TB transmission in the future.
Introduction
About 170 years ago, the first spatial analysis was put into practice in London by John Snow (the father of epidemiology) when he applied his then new idea to demonstrate the distribution of communicable incidents, in this case cholera. Although Snow was able to end the cholera epidemic by convincing the authorities to close the now famous Broad Street water pump, the next steps are not always revealed in epidemiological research. As with cholera, eliminating tuberculosis (TB) transmission in a population is the key and that can be effectuated by treatment before the disease spreads further. Pulmonary TB is completely curable through short-course chemotherapy, commonly with isoniazid and rifampicin, delivered through a system of checks and balances referred to as Directly Observed Treatment Short Course (DOTS), a strategy endorsed by the World Health Organization (WHO). Spatial methods have been demonstrated to contribute to the description and overview of prevalence as well as incidence of TB (Feske et al., 2011; Terlikbayeva et al., 2012) . Buffer analysis can be used to explain how far the areal diameter of an area characterized by TB infections has an impact (Zendejas-Martinez et al., 2008; Jacob et al., 2010) , while an analysis of spatiotemporal transmission and socio-climatic factors related to TB provide determi- nants that might help in predicting the likelihood of TB presence (Alene et al., 2017) . However, neither of these methods can explain what happens next, neither measurement of its dispersal potential nor its assumed future transmission. However, standard deviation (SD), a statistic parameter for the mean of data dispersion, can be used to evaluate frequency histograms that would show whether the distribution is skewed in any way, whereas the mean of a SD ellipse (SDE) can be generalized to reveal central tendencies of aggregation, while the dimension of dispersion indicates the trend of distribution in spatial analysis (Lai et al., 2009) . Even though the nature of the contagion (e.g., the cholera bacterium) was unknown at the time of John Snow, the source of contamination was discovered through mapping the spatial distribution of cholera cases (Panaeth, 2004) . This method is currently illustrated as dispersion and prediction analysis. Although TB is not transmitted by water like cholera, the same diffusion pattern applies as it is affected by a single factor (Raviglione et al., 1995) . Some studies reflect the importance of providing real-world perception according to prior TB transmission geographically (Lai et al., 2009; Feske et al., 2011; Lin et al., 2011) . It is most essential to find evidence of what happens with regard to dispersion of TB compared to the prior distribution and transmission potential (Khan, 1986) . This spatial study attempts to describe how progress of TB transmission might occur, particularly in the Daerah Istimewa Yogyakarta (DIY) Province of Indonesia, a lowto middle-income country.
Materials and Methods
In an effort to provide valuable information about how each coordinate setting under investigation, its importance and urgency in relation to TB epidemiology, we specified the problem by gradation of grid cell illustration. The sum of grid cell value reflected the colour pattern, generated by each quadrant that corresponds to, that showed the magnitude information of the spatial problem by its darkness colour pattern, using the interpolation method, as a kind of thematic mapping. The interpolation function, based on quadrant measurements and summation of grid cells (Rollemberg et al., 2015) becomes shaped by respondent coordinates explaining the risk of transmission among a population. The number of grid cells is based on the number of georeferenced cases determined by observational statistics, which are generalized by χ 2 goodness of fit (Kang et al., 2016) . The resulting variation of interval density is also known as kernel density estimation (KDE) (Lai et al., 2009 ). However, this approach has not yet demonstrated its utility, neither for public health prevention nor for infectious disease epidemiology, particularly not in the field of TB control and mitigation.
Study area
This is a descriptive study accounting for TB cases in DIY Province of Indonesia ( 
Patient data
The study included 132 cases (>14 years old) from all five regencies of DIY Province. The respondents were cases with smear-positive TB recorded at facilities in the province capable of handling patients according to the DOTS strategy. They came from 15 primary health centres (Puskesmas) and eight hospitals. Due to limitations of data recording, this research did not include smearpositive TB cases who had been treated at other health facilities or who had no access to facilities with DOTS capability.
Instrumentation
The places where the TB cases were located were traced and recorded by Global Positioning Systems (GPS) using a Garmin 76 series instrument to define the latitude and longitude coordinates of the patients' homes. Locations and elevations were produced with a accuracy less than 10 meters.
Analysis
Spatial analysis measured geographical patterns and consisted of SDE and KDE analysis. The SDE, introduced by Lefever (1926) , is a procedure to first determine the mean areal centre of the point set collected and define this as the origin of a new set of axes for the distribution. The SD statistic, giving the orthogonal to each axis plotted as a vector originating at the mean areal centre (Yuill, 1971) , was then calculated. The usefulness of SDE lies in the fact that it is capable of handling fragmented and distorted point distributions reflecting changes in the pattern of the distributions (Khan, 1986) . Meanwhile, KDE provides a hotspot non-parametric estimate of the probability density function from which a set of data can be drawn (Cranmer, 2001) . It was generated by CrimeStat III Statistical Software (https://www.icpsr.umich. edu/CrimeStat/) and presented with Quantum GIS 1.6.0 Copiapo (https://www.shouldiremoveit.com/Quantum-GIS-Copiapo-18827-program.aspx) in order to predict the distribution pattern of TB transmission. See online Appendix for additional data.
Results
As shown in Table 1 , the subjects of this study were distributed among five regencies, including Yogyakarta, the one city in DIY Province. Most adult TB cases were found in Gunung Kidul (34.8%), and the least in Kulon Progo (7.6%). At the district level, adult TB mostly occurred in Semin District of Gunung Kidul Regency (9.1%) and Kasihan District of Bantul Regency (9.1%).
During the January-December period of 2014, the location of the homes of those recorded as having a positive TB diagnosis, 132 in all. They were shown by GPS to be distributed among 33 districts of the five regencies (Figure 2 ). Since the Indonesian Government realized that the DOTS strategy should be improved o n l y (Asyary, 2017) , a new strategy was activated along with a contacttracing approach to find all suspected of TB infection, i.e. those who had been in contact with diagnosed TB cases in the Province, particularly in households (the household-contacts). When a person with TB has visited a home, the health centres (Puskesmas) have the obligation to establish and register all in that home diagnostically, either with sputum assessment (those above 14 years old) or a scoring system (for children ≤14 years old). Inspecting the data registers in the different districts, we found 66 householdcontacts diagnosed with TB (found TB cases -red dots on the map) and 66 household-contacts that were not infected (unfound TB cases -blue dots on the map).
As seen in Figure 3 the dispersion of new TB cases could be predicted by a single significant ellipse regression showing a pattern extending from north-west to south-east with a central tendency of aggregation in Kasihan District in Bantul Regency that borders Yogyakarta City.
The KDE analysis estimated a series of cut-off point determining the different risk level in DIY Province. The following indices were used: i) 0.012342-0.016132 = non-existent risk; ii) 0.016133-0.018965 = low risk; iii) 0.018966-0.022127 = fair risk; iv) 0.022128-0.025837 = higher risk; and v) 0.025838-0.030202 = highest risk. This estimation resulted in evidence that the TB transmission was observed to have dispersed following two main directions. Yogyakarta City with most of the districts in Sleman Regency now showing the highest TB risk (Figure 4 ).
Discussion
TB dispersion was found to be more likely to occur in Yogyakarta and districts belonging to Sleman Regency, areas known to include places where people commonly gather together enabling TB transmission to occur. Yogyakarta is the heart of DIY Province and famous for its culture and other attractions that not only draw people around Indonesia to study but also is a tourist focus (Smithies, 1986) . Meanwhile, Sleman Regency has become a supporting area for Yogyakarta as it has already long been a destination for people looking for a flat as domicile or rooms to rent at boarding houses (Giyarsih, 2010) . TB has a strong potential to disperse along these areas as both Sleman and the city, for reasons mentioned above, have greater migration flows than other districts. The results show that the incidence of TB cases in DIY Province was not equally distributed throughout the five regencies/municipalities. Instead, the cases were more concentrated in Article [Geospatial Health 2019; 14:673] [page 175] urban and suburban areas that had denser populations than other communities, such as residential areas along the industrial sites, urban areas, and new settlements with close proximity to others. Several studies found similar outcomes, i.e. that densely populated suburban and residential areas constitute neighbourhoods where TB is not only located but also concentrated (Asyary et al., 2017a) . The SDE analysis showed that the current TB case dispersion occurred within an ellipse with its centre at Kasihan District in Bantul Regency. This could be explained by prior TB cases in Kasihan District infecting others who dispersed along the ellipse as it represents a graph of how people move in the DIY Province. Kasihan District, located north of Bantul Regency, had a shorter distance to population centres in Yogyakarta City and Sleman Regency. Furthermore, the ease of access to the centres of cities in DIY Province indicates a higher probability of social traffic and leads to local transmission, as there is a high likelihood of social interaction. It has been shown in the other similar settings that local transmission enables TB transmission amongst neighbourhoods in suburban communities (Oren et al., 2014; Yadav et al., 2014; Noppert et al., 2017) .
Article
An increase of TB cases in the future is likely in all of Yogyakarta City, as well as in half of Sleman Regency's territory. Kernel estimation showed the highest risk of TB cases that could be transmitted into these densely populated residential areas in the next period of transmission. TB is an established disease whose transmission patterns are well-known and it commonly affects neighbouring populations in this way . Additionally, one should be aware that low education, unemployment and low economic status, likely in crowded settlements, often go together with aggregation of TB (Kartasasmita, 2009; Lonnroth et al., 2009; Metcalfe et al., 2010; Hargreaves et al., 2011) .
In this study, spatial analysis not only revealed the distribution of the existing TB burden but also provided a forecast based on transmission patterns that could be utilized to prevent the TB burden in the future. Although spatial analysis with respect to health was applied as an approach separate from other tools used when establishing support for policy decisions, different studies have begun to predict what will happen next (Feske et al., 2011; Ansariadi and Manderson, 2015; (Asyary et al., 2017b) . In the US, spatial description contributed effectively to TB elimination by predicting its endemic settings based on known determinants (Feske et al., 2011) .
The global effort to cure adult TB using the DOTS strategy has been evaluated with successful implementation in order to treat TB in both industrial and developing countries (Paramasivan et al., 2010) . Implementation of the DOTS strategy has enabled TB patients to be observed by health workers, community volunteers or family member when taking their prescribed medication, even for consuming daily TB drugs for at least six months as needed (WHO, 2006) . This approach is naturally likely to improve adherence and mitigate the severity of the disease for the individual patient. However, it does not help in finding the transmission source as infected people will not be discovered if they do not apply for medical support, and they might not do so unless severely ill (Karumbi and Garner, 2015; Asyary, 2017) . In addition, developing countries such as Indonesia still face a major problem of treatment adherence for intensive TB therapy, as patients do not always accept long treatment periods, neither the two weeks of active bacillus culture conversion nor the six months of overall treatment (Lonnroth et al., 2009; Ismail and Bulgiba, 2013) . In this country, especially DIY Province, there is a barrier to interrupt transmission as people live close to each other, especially with respect to vulnerable family members, such as children who are at high risk (National Data and Information Center, 2013) . With low complacency and limited provision of means to break transmission, e.g., through active case detection and follow-up of contacts, the risk of infection remains high. This study lacks TB modelling, currently using a space-time permutation model in order to describe the TB clustering, which enables the evaluation of TB cases' concentration with one, two, or more TB clusters among the population.
Conclusions
Suburban communities in close connection with densely populated residential areas are more likely to acquire TB, currently or in the future. This emphasizes the need for investigating the pattern of TB transmission, which is best done by spatial statistics as it can reveal aggregation of cases and help predict density dispersions. This type of analysis is essential not only for TB control and management but also for other health problems related to environmental factors. Further study is needed, with the prospect of applying more precise and accurate measurements of key variables to prepare a better public policy. 
